By drawing lines through all the positions of each particular metal in the tables of solutions of different strengths of either of the salts employed, it was found that the position of pairs of metals of like properties, such as magnesium and zinc, nickel and cobalt, rhodium and iridium or platinum, lead and tin, &e., often varied together, and described similar curves or lines of variation.
VIII. " On the Spontaneous Segmentation of a Liquid
In seeking an explanation of the appearance of a definite number of lobes in the liquid annulus which is formed at a certain stage of the splash of a drop that has fallen vertically on to a horizontal plate, I was led to make some experiments on the spontaneous segmentation of such an annulus lying on a plate with a view to ascertaining whether the relation that exists between the dimensions of the annulus and the number of drops into which it will spontaneously split, is the same as for a straight cylinder of liquid under similar conditions. Finding that the relation was the same, it then occurred to me that by liberating an annulus in air without contact with any solid, a direct experimental proof might fee obtained of the law of segmentation of a free cylinder.
It has been shown mathematically in various ways, and experi mentally by M. Plateau, that the equilibrium of a free cylinder of any liquid, under the influence of surface tension only, becomes unstable as soon as the length exceeds w times the diameter; and it has been regarded as a necessary consequence of this that such a cylinder, if once realised, will spontaneously split into as many equal and equi distant spheres as ir times the diam eter is contained in the length.
Thus, if n be the num ber of drops, l the length, and d the diam eter or thickness of the cylinder, the l segmentation is expressed by the formula
M. P lateau has endeavoured to supply an experim ental proof of this by liberating a cylinder of m ercury, extended between two am algamated wires, on a glass plate, b u t he found th a t the frictional contact w ith the plane surface along the length of the cylinder diminished the num ber of drops, probably because the lim its of stability are extended by friction : thus, when the cylinder of m er cury rested on a glass plate, the lim it of stability appeared to be extended to 6 1 times the diam eter, this being the average distance ap art at which the drops were formed. So th a t the law became 6T x ' and it was only by observing the effect of sim ultaneous contact w ith a vertical as well as a horizontal plate th a t a rough estim ate could be made of the influence of friction on the num ber of drops.
By the m ethod of liberation in air th a t is described in the latter half of this paper all friction is avoided, and the results show a close accordance w ith theory.
I will first describe experim ents w ith reference to an annulus lying on a plate. I t may be well at the outset to rem ark th a t an annulus is not, like a cylinder, a figure of equilibrium for a liquid, there being excess of pressure on the outside; this excess, however, will dim inish as the radius of the annulus increases,-as, in fact, it approximates to a cylinder. The excess, moreover, will not be a large fraction of the total surface-pressure, if, as in the case we have to deal with, the thickness of the annulus is small in comparison w ith its w idth : thus in the figure It may, therefore, well happen, as we shall see in the sequel that it does, that the annulus will split spontaneously before any appreciable alteration of its form can be caused by this inequality of pressures ; and this is the more to be expected if the annulus be lying on a horizontal plate, friction with which impedes the motion of the liquid as a mass.
The method that I have adopted to discover the law of splitting has been to liberate suddenly an annulus of mercury on a horizontal surface of glass or iron.
The apparatus consisted of a circular plate of iron 15 millims. thick and 60 millims. in diameter, the lower surface of which was truly plane, and in it were cut various annular grooves, whose cross section was an exact semicircle.
This plate is placed face downwards on a plane horizontal surface of iron or glass, and mercury is poured into one of the grooves through one of two small vertical holes bored through the plate, the second hole allowing the imprisoned air to escape. After removing any excess of mercury that may remain in the holes, the plate is suddenly lifted by a central handle, and a circle of regularly disposed drops is found lying on the lower plate.
The following is a table of results obtained in this way, which are recorded without any omissions. The size of the grooves was obtained by direct measurement and by weighing the mercury they contained.
A fourth groove of *7 millim. thickness was found to be too small to use, being very difficult to fill with mercury.
Plate lifted rapidly
Groove No. 1. Diameter (tZ) = 2'03 millims.
Principal radius ( R ) = 25 " When a guiding cylinder of cardboard, in which the iron plate could be moved like a piston, was used in order to ensure the plate being lifted vertically, the friction against the cylinder prevented the plate being lifted so quickly, and this at once influenced the number of drops, as will be seen in the following In this case the quantity of liquid was so great th a t it was found very difficult to lift the plate w ithout giving it an initial disturbance, which caused some of the drops to ru n to g e th e r; hence it was im possible to lift the plate as quickly as had been found necessary in the previous cases to secure the maximum num ber of drops. Before discussing these results, I may rem ark th a t the num ber of drops was practically the same, w hether on iron or glass, unless, indeed, the iron was very well rubbed w ith a .dry clean cloth between each experiment. W hen this was done the num ber of drops was slightly increased. On one occasion 21 were obtained from the first groove.
In many instances subordinate secondary drops, due to the splitting of the long necks joining the drops before th eir complete separation, were formed w ith great re g u la rity ; b u t sometimes these secondary drops were so large as to be easily m istaken for prim ary drops. In the case of the th ird groove, i t required practice to lift the plate quickly enough to secure the maximum num ber of drops.
In what follows I shall, for convenience, call the figure th at would be formed by bending a cylinder into an annulus, a cylindrical annulus, while the form in which the liquid th a t has filled a groove is left on the lower plate may be called a semi-cylindrical annulus.
I t seems reasonable to suppose th at the first thing th a t will happen to the liquid when liberated will be th a t it will spring from a semicylindrical into a more or less cylindrical annulus, for there Is a sharp curvature of the surface at the edges bounding the flat and curved portions, which will at once exert a pressure on the liquid, while the force which causes it to split into drops being due to an unstable equilibrium* m ust begin w ith a value equal to zero, and will therefore be behindhand in its action.
Since the cylindrical annnlns m ust have the same volume as the semi-cylindrical, its diam eter m ust be X diam eter of the semicylmdrical annnlns according to previous notation.
Hence, if we &pply P lateau 's formula for the cylinder, we have-
which gives for the first groove, 17-48 drops. ■ n " second " 17-38 " » " th ird " 10-14 "
The only notable deviation from the num ber actually observed, is in the case of the th ird groove, b u t even here 10-14 is within the lim its of observation, and a very possible value, since the plate, as has been explained, could not be lifted up quickly enough to avoid all friction.
The observations, therefore, prove th at at least for an annulus of m ercury lying on a glass plate, the law of splitting is practically the same as th at of a straig h t cylinder of the same thickness, being ex pressed by th e form ula n = Q Y~d
In order to effect the liberation of a free annulus in air, the ap paratus shown in fig. 1 was used.
A is a circular disk of hard wood, in which two annular grooves were cut, whose cross section was of the form shown in fig. 2 , the lower p art being circular. The w idth of the inner groove at the top was *4 centim., and of the outer '625 ce n tim .; the principal diameters being 5 3 5 centims. and 7'475 centims. respectively. B is a sort of catapult to project the disk vertically downwards, and consists of a short brass tube 3 centims. long, clamped vertically, in which an inner tube c slides loosely, but is kept th ru s t out as far as the slots in the outer tube permit, by the action of a strong spiral spring inside, * 1879 ] Spontaneous Segmentation o f a Liquid Annulus. 55
By looping a string, s, over a small central hook in the disk, the latter can be draw n up tig h t against the end of the outer tube, and held firmly in a horizontal position, and then, after a known weight of m ercury has been poured into either groove, the end of the string is let go, and the disk is shot dow nw ards, leaving the m er cury annulus in the air. A tray of fine wet sand is placed below the annulus to catch and preserve the impressions of the circle of drops formed, while th e disk is steered out of th e way by striking with its two projecting arm s against the slanting brass rods, as shown in the figure.
The inclination of these rods should be such as to get the disk out of the way as soon as possible, and will depend on th e strength of the spring u s e d ; the stronger the better.
The object of slanting the sides of the grooves is to prevent the annulus being carried downwards by any friction with the disk.
1 have tried smoked glass, lard, and wet sand, for receiving the drops and their im pressions-the last is cleanest and answers best; the best consistence is easily found by practice, and depends a little on the depth of fall. If too soft, the im pressions of separate drops mingle, if too hard, drops are liable to rebound from their shallow impressions, and to mingle with the neighbouring drops.
If the tray of sand be placed at any considerable distance below the starting point of the annulus, it will be found that the impression made is a single small irregular pit w ith three or four lobe-like projec tions, showing th a t the annulus has contracted as it fell into a single not perfectly symmetrical mass. * Ih is is the natural consequence of the'excess of pressure on the out side circumference, which is no longer hindered by any friction, as in the preceding experim ents; it is interesting to observe, th a t as the depth of fall is diminished, the diam eter of the whole impression increases, while the num ber of separate dirop-impressions likewise increases, showing th at the contraction continues, by reason of impetus, after complete segm entation has taken place,, and causes the re-fusion of drops th a t have a t one tim e been s e p a ra te ; this re-fusion being generally so conducted th at the symmetrical arrangem ent of the drops is tolerably well preservedÎ h is will be seen from an inspection of the following tables of observations, which are recorded without omissions. A few rem arks on the tables are necessary" I t often happened th a t the annulus had not remained circular, but had assumed a more or less elliptical form, as shown by the im pressions; the tables contain the measures of the greatest and least diam eters in such cases, as well as th eir mean. 1 hese m easurem ents were made with a pair of compasses, and the diameters mentioned joineci w hat were judged to be th® m iddle points of the drop m arks on either side of the centre ; the measures may be taken as correct to* 1 millim., b u t not beyond.
In most cases the impressions were not equally distinct round the whole of the circumference, b u t were most distinct and well divided about one end of a diameter, and least so about the other end of the same. W hen the m ark was elliptical this-diam eter was generally the shortest.
Owing to th e fact th a t each drop* did not always rem ain in the hole it had made in the sand,.and th at the partitions-between neighbouring drop-impressions were often cut through by the neck of liquid th a t remains till segm entation is complete, it could not be positively asserted in all cases (though it could in some) th a t the annulus had split into such and such num ber of drops when it reached the sand at anJ given depth, b ut rath er th a t it consisted of a certain countable num ber of distinct masses of m ercury, some of which appeared to consist of two, or in some cases, of three drops, still united by necks of liquid, while the rem aining m ajority consisted of a countable num ber of separate apparently equal and regularly disposed drops. Then there was in m any cases a slight uncertainty as to the exact number, to the extent of one drop more or less, and this could only be eliminated by many observations. As tbe observations were made before the theoretical number had been calculated, the judgment in estimating doubtful impressions could not have been biassed more than by the inclination to. recognise a constantly recurring number of drops.
■ . . ; The re-fusion of the dropsy owing to contraction, makes it neces sary to take the impression before the annulus has fallen far, if we wish to ascertain the maximum number of drops into which it has originally divided. In the case of the smaller annulus, 9 centims., and in that of the larger, 12 centims., was-the least depth of fall that the apparatus permitted, i.e., that was consistent with getting the disk out of the-way. The weight of mercury in the first annulus was; 26**52*5 grams, and in the second, 53:05 grams. Assuming that the an nulus at once becomes cylindrical on its release, the thickness (d)> would be *3844 centim., and *4599 centim. in each case respectively, and if the segmentations are determined by the-initial dimensions Maximum. M inim um . Mean.
